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Following the start of SSME certification testing for the Pratt & Whitney Alternate Turbopump Development (ATD)
High Pressure Oxidizer Turbopump (HPOTP), cracking of the leading edge of the inner HEX vane was
experienced. The HEX vane, at the inlet of the oxidizer bowl in the Hot Gas Manifold (HGM), accepts the HPOTP
turbine discharge fiow and turns it toward the Gaseous Oxidizer Heat Exchanger (GOX HEX) coil. The cracking
consistently initiated over a specific circumferential region of the hex vane, with other circumferential locations
appearing with increased run time. Since cracking had not to date been seen with the baseline HPOTP, a fiuid-
structural interaction involving the ATD HPOTP turbine exit flowfield and the HEX inner vane was suspected.

As part of NASA contract NAS8-36801, Pratt & Whitney conducted air flow tests of the ATD HPOTP turbine
turnaround duct flowpath in the MSFC Phase Il HGM air flow model. These tests included HEX vane strain gages
and additional fluctuating pressure gages in the turnaround duct and HEX vane flowpath area. Three-dimensional
flow probe measurements at two stations downstream of the turbine simulator exit plane were also made.
Modifications to the HPOTP turbine simulator investigated the effects on turbine exit flow profile and velocity
components, with the objective of reproducing flow conditions calculated for the actual ATD HPOTP hardware.
Testing was done at the MSFC SSME Dynamic Fluid Air Flow (Dual-Leg) Facility, at air supply pressures between
50 and 250 psia. Combinations of turbine exit Mach number and pressure level were run to investigate the effect
of flow regime.

Information presented inciudes

1) Descriptions of turbine simulator modifications to produce the desired flow environment.

2) Types and locations for instrumentation added to the flow model for improved diagnostic
capability.

3) Evaluation of the effect of changes to the turbine simulator flowpath on the turbine exit flow

environment.

4) Comparison of the experimental turbine exit flow environment to the environment calculated for
the ATD HPOTP.
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